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Conformational sampling is fundamentally important for simulating complex
bio-molecular systems. Generalized-ensemble algorithm, especially the tem-
perature replica-exchange molecular dynamics method (REMD), is one of
the widely used methods to explore structures of bio-molecules. Most temper-
ature REMD simulations have focused on soluble proteins rather than
membrane proteins or lipid bilayers, because explicit membranes do not keep
their structural integrity at high temperature. Here, we propose a new
generalized-ensemble algorithm for membrane systems, which we call the
surface-tension REMD method. Each replica is simulated in the NPgT
ensemble, where surface tensions in a pair of replicas are exchanged at certain
intervals to enhance conformational sampling of the target membrane system.
We tested our method on a fully hydrated DPPC lipid bilayer. During the simu-
lation, a random walk in surface tension space is realized. Large-scale lateral
deformation of DPPC membranes takes place in all of the replicas without
collapse of the lipid bilayer structure. Our method could be applicable to a
wide variety of biological membrane systems including mixed lipid bilayers
and membrane-protein systems.
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Cholesterol is an essential component of the mammalian cell membrane.
Thermal fluctuations of cholesterol from its equilibrium position, along the
bilayer normal, have important consequences in its cellular trafficking. In
this work, we have investigated the effect of replacing part of membrane
cholesterol with one of its oxidative products, cholestenone (4-cholesten-3-
one, a ketosterone that differs from cholesterol only in the hydroxyl head-
group and the position of double bond), on the transbilayer movement
(flip-flop). In the same spirit, we have studied desorption of these sterols
from a membrane towards the aqueous phase. The reason why we focus
on cholestenone is that it is one of the most common products when choles-
terol is being oxidized, thus serving as an example of cholesterol oxidation.
The results from our atomistic molecular dynamics simulations show that re-
placing the hydroxyl group of cholesterol by the keto group found in choles-
tenone has a significant effect on inter-leaflet translocation of the sterol. To
discuss the cause and consequences of the observed effects, we used um-
brella (free energy) simulations to calculate the potential of mean force for
flip-flop as well as for desorption of these two sterols from the membrane
into the water phase. The results brought out that even seemingly tiny
changes in sterol structure have considerable implications for sterol dy-
namics. As cholesterol oxidation is often used to deplete cholesterol in
experimental conditions, our results highlight that it is essential to under-
stand the membrane behavior of the introduced lipid species, in this case
cholestenone.
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Molecular modeling has been extensively used to describe various proper-
ties of biological systems with all-atom detail. However, its application
has been limited by the size of the system and accessible simulation times.
During the past few years, the coarse-grained Martini model has been devel-
oped for biomolecular systems, allowing larger scale simulations not afford-
able by all atom models1. Despite significant progress in modeling
biomolecules such as lipids and proteins, Martini has not been properly
parameterized yet to describe nucleic acids. A reliable description of nucleicacids would enable studies of a range of important problems involving
DNA, RNA, and their complexes with proteins and lipids. One example
of the latter is lipid nanoparticles (LNPs). LNPs are effective delivery sys-
tems for transferring small interfering RNA (siRNA) into the cell, where
they can induce silencing of a target gene2. Lipid-nucleic acid interactions
and their energetics are important in the gene delivery step in which nucleic
acid has to be transferred through the cell membrane into the target cell and
released. We have performed extensive umbrella sampling simulations to
obtain benchmark PMF profiles of four DNA/RNA nucleobase interactions
with phospholipid bilayers using the AMBER and CHARMM force fields
and a set of four different lipids. Based on these results, we are developing
Martini parameters for these nucleobases and extending the simulations to
larger systems including DNA/RNA strands. The results of this work will
be useful in studies of DNA-binding proteins and lipoplexes, DNA-
sequencing technology, the mechanism of viral protein RNA polymerase,
and drug delivery systems.
1. Marrink et al., Chem. Soc. Rev. 42, 6801-6822, 2013.
2. Semple et al., Nature Biotech. 28, 172-U18, 2010.
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Molecular dynamics simulations were performed to determine the free en-
ergy profile of the extraction process of a lysolipid molecule from a lipid
bilayer. The simulations were done using DOPC membranes at different ly-
solipid concentrations to determine the effect of concentration on the extrac-
tion free energy profile. Calculations were performed using the Gromacs
software package and the Umbrella Sampling technique. First a pulling
simulation at constant rate was run in order to obtain the starting points
for the posterior Umbrella Sampling simulations. These simulations were
used to reconstruct the potential of mean force of the extraction process,
where the reaction coordinate is the distance between the pulled lipid and
the membrane.
The simulations allow us to determine the factors (e.g. interfacial interactions,
enthalpic/entropic contributions) affecting the free energy profile and the force
needed to extract a lysolipid molecule from the membrane, our aim being to
understand how the presence of lysolipids changes the elastic properties of the
membrane. Hydrolysis rates values measured experimentally with proteins
such as PLA2 can provide a reference with which to compare the extraction
free energies obtained from the potential of mean force. These results are rele-
vant for understanding processes involving hydrolytic, interfacially active en-
zymes where lipids need to be extracted before the enzyme can perform its
function.
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Candidiasis an infection caused by the genus of yeast Candida. These
commensal organisms are normally found on the skin and in the human
body cavities; however, they can cause disease when the host defense or flora
is disrupted or as a result of immunosuppression. Fluconazole is a favored
antifungal drug to treat these infections. The fluconazole mode of action is
to inhibit the cytochrome P450 enzyme 14 alpha-demethylase, thereby pre-
venting the conversion of lanosterol to ergosterol, an essential component
of fungal membranes. Unfortunately, some species of Candida are
fluconazole-resistant. The goal of this work was to examine whether the
cellular ergosterol content of various Candida species could be correlated
with sensitivity to fluconazole. Initially, Minimum Inhibitory Concentration
(MIC) assays were performed with Candida species to establish their sensi-
tivity to the fluconazole. These data indicated that the majority were
fluconazole-sensitive and a few species showed resistance, as expected. To
establish whether there was a relationship between the ergosterol content
and sensitivity to fluconazole, ergosterol and its precursor dehydroergosterol
were extracted from various Candida species using a liquid-liquid organic
extraction protocol. The level of each sterol was determined by UV spectros-
copy, and expressed as a percentage of the wet weight of the cells. Our pre-
liminary data indicates that the ergosterol content of the cells did not differ
